Summary. A marked reduction (80.8 %) in the zinc uptake by boar spermatozoa cooled to 4\ s=deg\ C occurs when the seminal plasma is pretreated with egg yolk\p=m-\glucose at this temperature. Crude lecithin is less effective (59.8 %). Similar pretreatment of the seminal plasma by the polycationic drug Antrypol, which totally removes the zinc-precipitable basic haemagglutinin, does not result in a significant reduction of the sperm zinc uptake at 4\ s=deg\ C.
Introduction
The constant ratio of the zinc content of boar spermatozoa cooled to 4°C compared with that at room temperature (Boursnell, Partridge & von Glos, 1977) suggested that a specific temperature-sensitive receptor may be present on the ejaculated spermatozoa and led to the present study of the effect upon sperm zinc at 4°C of substances known to protect spermatozoa against damage caused by cold shock. The substances used were egg yolk, a well known protective agent for spermatozoa against cold-shock damage (Phillips, 1939; Anderson, 1944; Pursel & Johnson, 1975) , and lecithin (phosphatidyl choline), a component of egg yolk (Parkinson, 1966) , which has also been used as a protective agent (Butler & Roberts, 1975) .
The possible involvement of the cationic haemagglutinin present in boar seminal plasma (Boursnell, 1967; Boursnell & Briggs, 1969) was also explored, particularly as it appeared to be capable of binding zinc (Boursnell, Noble & Andrews, 1975) . A potent colourless and neutral polyanionic reagent, Antrypol, was used to remove completely the haemagglutinin from the seminal plasma.
Materials and General Methods
Fresh whole boar semen was collected from mature boars housed at the Animal Research Station and strained through a large nylon sieve to remove the gel before immediate use. Egg yolks were obtained from fresh chicken eggs and each was mixed with 100 ml 3-2% (w/v) glucose. For some experiments (see 'Results'), the mixture was buffered with 10 mM-imidazole and the pH was adjusted to 7-5. Lecithin (egg, crude) was obtained from BDH Chemicals Ltd.
Antrypol (I.C.I. Ltd) is a synthetic trypanocidal drug of molecular weight 1428 (see Town, Wills & Wormall, 1949) , and has been referred to as Bayer 205, Germanin and Suramin. It is known to pre¬ cipitate basic histones and protamines (Mandel & Steudel, 1926) .
The methods for centrifugation and zinc determination were those described by Boursnell et al (1977) and Boursnell & Mustill (1975) respectively. Zinc determinations on egg yolk, lecithin and Antrypol precipitates from seminal plasma were carried out after solubilization in 1 M-acetic acid. Haemagglutinin was tested as described by .
A micro-Kjeldahl method was employed for protein nitrogen determinations and the ammonia was estimated as described by Boursnell, Hartree &Briggs(1970 (Beatty, 1964) The methods were similar to those of Exp. I for unbuffered egg yolk, but included two extra sets of tubes to which an amount of zinc (as described below) was added to (1) the seminal plasma and (2) the supernatant obtained from the egg yolk treatment of the seminal plasma. The zinc was applied as zinc acetate in 6-6 mM-rn'-sodium citrate-10 mM-imidazole at pH 7-0 to give a final zinc concentration of 77 % of that measured initially in the seminal plasma (see subscript, Table 2 ).
The results of this experiment are given in In 4 experiments, with fresh semen from 3 boars and following the procedures described earlier for the egg yolk and lecithin experiments, the effects of Antrypol were explored.
When final replicate Antrypol concentrations of 0-083 mM and 0-83 mM were compared with those of an untreated semen control, the percentage reductions from the 4CC sperm zinc control value were very small (5-6% and 0% respectively). In the other 3 experiments the effect of Antrypol (0-83 mM final concentration) was compared with that of unbuffered egg yolk and the results of one of these experiments are shown in Table 1 . This experiment revealed a much smaller percentage reduction with the Antrypol (12-4%) than with the egg yolk (89-0 %). The mean percentage reduction found in the experiments with final concentrations of 0-83 mM Antrypol is given in Table 2 .
Discussion
As suggested in the 'Introduction', the higher (x 2-3) zinc content of boar spermatozoa that have been cold-shocked compared with uncooled spermatozoa may represent a specific receptor on the sperm surface. This extra uptake of zinc at 4°C has now been shown to be markedly reduced by the appli¬ cation of egg yolk. The effect of this known protective agent reinforces the idea that the zinc receptor on boar spermatozoa may play an important role in sperm damage.
Comparisons between the action of egg yolk and crude lecithin show that the former is more effective than the latter in reducing the zinc in the cooled spermatozoa. The work reported here does not set out to establish that it is necessarily the lecithin (phosphatidyl choline) contained in the egg yolk (Parkinson, 1966) which confers the protective properties. Evidence is, in fact, accumulating that other phospholipids may be more effective (Butler & Roberts, 1975) . Lecithin is insoluble in aqueous solution and forms an unstable suspension which partly precipitates unless vigorously stirred. It is possible that the greater physicochemical stability of phospholipids in egg yolk, promoted by their presence as lipoprotein complexes (Chargaff, 1942) , may enhance the efficacy of egg yolk as a pro¬ tective agent against cold-shock.
The use of the colourless and neutral Antrypol, containing two 1-naphthylamine trisulphonic acid groups, was suggested by earlier observations (Nelson & Boursnell, 1966; Boursnell, 1967 ) that dextran sulphate, heparin and other strongly polyacidic substances inhibited the haemagglutinin titration of boar seminal plasma. The complete precipitation by Antrypol of the basic haemagglutinin is in apparent contrast to its combination in vivo with the more acidic blood plasma proteins which it does not precipitate (Boursnell & Wormall, 1939) . In addition, the action of Antrypol shown in Text- fig. 1 gives added support to the apparent identity of the haemagglutinin and the zinc-precipitable protein shown by Roberts, Boursnell & Brown (1974) . It is clear that the complete elimination of the haemagglutinating zinc-precipitable protein from the seminal plasma by the use of Antrypol makes virtually no difference to the 4°C to room temperature sperm zinc ratio. The partial reduction of the seminal plasma haemagglutinin by egg yolk (and lecithin) shown in this work there¬ fore has little or no connection with the protective action against sperm damage during cooling. The effects observed could be due partly to the centrifugation procedure or entirely to temperature. However, our present and previous results show that the 2-3 zinc ratio is maintained during the use of various centrifugation procedures.
The marked loss of zinc (mean, 77 %) from the seminal plasma to the egg-yolk precipitate is also an unlikely cause of the 4°C sperm zinc reduction. Replacement of the 'lost' zinc only affects the per¬ centage reduction to a small extent. The results given by lecithin also suggest that the loss of seminal plasma zinc to the precipitate is not the cause of the considerable lowering of the 4°C sperm-zinc value due to egg yolk treatment. Table 2 shows that, with lecithin, 911% of the seminal plasma zinc remains in the supernatant after treatment, yet the percentage reduction of the 4°C sperm zinc is still 59-8 %.
